In the course of performing these studies, we obintrinsic pathway stimuli require the release of mitochonserved changes in the migration pattern of BIM EL during TFD. We now report that TFD caused not only induction but also concurrent phosphorylation of BIM EL in SCG
ϩ -deprived CG we hypothesized that phosphorylation of BIM EL enneurons ( Figure 1D ) with calf intestine alkaline phosphahances its cytotoxicity. tase (CIAP). As shown in Figures 1C and 1D , the more To test this hypothesis and to identify the phosphoryslowly migrating bands were eliminated by treatment lation site(s) in BIM EL , we performed site-directed mutawith CIAP but not by treatment with buffer alone, coincigenesis, in which certain sites were mutated to Glu or dent with a shift to (and increased intensity of) the faster Ala to mimic constitutive phosphorylation and dephosmigrating band. phorylation, respectively. We chose to target three sites In contrast, CIAP did not alter the band pattern of conforming to the MAPK consensus sequences S/T-P BCL-2, which migrated as a singlet as seen previously or P-X-S/T-P for Pro-directed Ser/Thr kinases within the (Putcha et al. vival in the CNS, in which BIM EL phosphorylation occurs cally upstream of (or in parallel with) the BAX/BCL-2 and caspase checkpoints. (Figures 1B and 1D) Figure 2H , only BAF-treated, and NGF-deprived/CEP-treated SCG neurons ( Figure 3D ). Taken together, these observations reintroduction of Bax killed Bax Ϫ/Ϫ CGNs, indicating that cell death induced by overexpression of Bim 1E, 2E, indicate that phosphorylation of BIM EL did not alter its subcellular localization or integration into mitochondrial or 3E (or tBid) still requires BAX, consistent with our observation that BIM EL phosphorylation occurs genetimembranes. incubated with MLK1 (lanes 1-3), MLK2 (lanes 4-6), MLK3 (lanes 7-9), MKK4 (lanes 10-12),  MKK7 (lanes 13-15), JNK1 (lanes 16-18), JNK2 (lanes 19-21), or JNK3 (lanes 22-24) gions are juxtaposed in the tertiary structure is unknown. However, one intriguing observation suggests that JNKmediated BIM EL phosphorylation and sequestration by LC8 may not be mutually exclusive regulatory mechanisms: JNK1/2, BIM, and LC8 colocalize to the heavy membrane fractions enriched for mitochondria ( Figure  4D and data not shown) .
Several lines of evidence indicate that JNKs phosphorylate BIM EL at Ser65. First, activation of the MLK/ JNK pathway occurs with kinetics consistent with the time course of BIM EL phosphorylation in SCG ( Figure 1A)  (Mota et al., 2001 ) and CG neurons ( Figure 1B) . Second, the MLK inhibitor CEP-1347 (Figures 1E and 3D ) and the JNK inhibitor SP600125 ( Figure 1F) prevented BIM EL phosphorylation. Third, recombinant JNK1-3 but not MLK1-3, MKK4, or MKK7 phosphorylated recombinant BIM EL selectively at Ser65 (Figures 4A-4C) . Fourth, an anti-phospho-Ser65 antibody reacted specifically with BIM EL phosphorylated at Ser65 in vitro by JNK1 ( Figures  4E and 4F ) and during TFD in SCG neurons in a CEPinhibitable manner ( Figure 4G) . Finally, at least in the paradigms examined, JNKs and their upstream activators were appropriately localized to mediate BIM EL phosphorylation ( Figure 4D) .
Moreover, several observations demonstrate that the phosphorylation of BIM EL is a physiologically important mechanism for enhancing its proapoptotic activity. 
